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being aware of their existence, knowing their quality, and having the ability to access these sources are 
considered by many to be major barriers. Of the vast number of energy technologies available to the 
teaching profession to discuss with students, CCS is one of the least cited technologies.  
According to Reiner [7], CCS might be described as an obscure acronym, or at best, an emerging 
technology involving capture, transportation and storage of carbon dioxide and evidence shows that the 
number of education resources for schools is limited. It is not surprising therefore, that teachers remain 
relatively unaware of how to incorporate CCS education materials into current teaching and learning 
programs.  
Teachers are required to teach meaningful content that assists students to meet learning goals in the 
context of education activities within a structured curricular framework, while addressing the needs of 
diverse learners. To assist teachers to impart knowledge and educate their students, while still meeting the 
expectations set down within the curricular framework, education materials should address teacher 
learning as well as the education of students [8][9]. Understood in these terms, the first stage of this 
research was to examine current education materials available internationally, and investigate whether 
they promote teacher and student knowledge about CCS. The second stage was to develop CCS 
educational resources (for both the primary/elementary and secondary school years) that address the gaps 
identified in stage one and conduct an international trial and review of those materials. The final stage 
was to implement and evaluate the resources in a wider application to assess the materials and associated 
educational activities with a larger sample size.  
2. Methodology 
The project was comprised of three stages: 1) evaluation of current international CCS education 
materials; 2) develop, review and trial new CCS materials, addressing stage one identified gaps; and 3) 
test the resources and activities with a wider sample size (for methodologies for each stage see Table 1). 
Table 1. Methodologies for each project stage 
Stage 1 Stage 2 Stage 3
Aims Evaluate sourced material against 
evaluation criterion and establish a 
score of educational quality; 
Identify areas of excellence and 
gaps; and 
Provide recommendations for future 
curriculum development. 
Develop CCS education materials 
that address the gaps identified in 
stage one; 
Have materials reviewed by 
curriculum officers; and 
Trial the materials in classrooms (in 
Australia and internationally). 
Wider trial in Australian schools,
imbedded within a wider climate 
change and sustainability program;  
Conduct professional development 
(PD) sessions for teachers in how to 
use the resources;  
Include a CCS component to Climate 
Change Workshops using the 
resources; and 
Evaluate educational outputs.  
Sample Secondary data sources – publically 
available materials and resources. 
Curriculum Reviewers: 5 
Trial schools: 10 Australian and 3 
international 
Resources available to 250+ CSIRO 
CarbonKids Schools. 
School workshops: 6 (900 – 1020 
students) 
PD sessions: 15 
Method Evaluation analysis Curriculum review and survey Evaluation analysis
Measures Evaluation framework specifically 
designed for CCS education 
materials 
Alignment to Australian National 
curriculum and pedagogical content, 
teacher experiences and impressions, 
awareness and self-rated knowledge, 
trust in information sources, 
professional development. 
Implementation process, meeting 
curriculum objectives, knowledge 
and understanding, attitudes and 
behavior, activity involvement, value 
to the school, and success (achieved 
and barriers). 
Analysis Descriptive statistics on quantitative 
data. 
Content analysis and descriptive 
statistics. 
Content analysis and descriptive 
statistics. 
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3. Findings and Discussion 
3.1 Evaluation of international CCS education resources 
Relevant education materials from around the world were identified and collected by various online 
search engines using a keyword search strategy (e.g. school; education materials – primary/elementary; 
education materials – secondary; education materials – age appropriate; school aged – climate change; 
renewable energy; low emission technologies; carbon capture and storage; CO2 capture and storage, 
carbon sequestration, geosequestration, and clean coal). The majority of educational materials reviewed 
were in the English language. One website containing educational web based information was available in 
Italian; other non-English speaking websites were not included in the search and analysis. 
Over 500 CCS related resources were identified and reviewed. The main sources of information were 
internet websites; however hardcopy science resources for schools and a science video were also 
reviewed. As stated previously, only sources clearly targeting the formal school sector were included in 
the evaluation – which resulted in only 45 sources in total (Primary/elementary school 13.3%, Secondary 
school 20%, additional sources, e.g. multimedia, blogs, fact sheets, etc. 66.7%). 
Design of any evaluation framework involves iterations of researching what is available and then 
developing, implementing, testing and refining ideas. No specific international evaluation frameworks for 
the analysis of educational resources on CCS are currently available. Therefore, we developed an 
evaluation framework based on theoretical understandings of quality education goals combined with 
informed intuition about what constitutes best practice in education. 
A set of principles of best practice was created to inform an evaluation framework specifically 
designed for CCS education material. Principles of best practice for educating for a sustainable future and 
broader scientific education materials were used as a foundation for the principles [10][11][12]. 
Additionally, Ashworth et al. [13] states that CCS communication and education materials should be 
framed in the context of climate change and appear with other alternative energy technologies. From 
these foundations a set of nine criteria were developed to evaluate the available education materials 
against: 
• Knowledge and understandings – the material increases knowledge and understanding of CCS 
processes and developing technologies. 
• Pedagogy – includes support in the form of teaching strategies for teachers. 
• Integrity – shows integrity where scientific concepts are accurately presented and verifiable. 
• Balance – demonstrates balance and accurately reflects the broad range of informed opinion on the 
subject. 
• Scientific inquiry – the science portrayed is open to inquiry and encourages the reader to ask 
questions. 
• Visual presentation – visual representations accurately depict the scientific concepts being examined. 
• Climate change context – describes CCS information within the wider context of climate change and 
includes other mitigation technologies and strategies. 
• Representation of other complementary technologies – increases knowledge and understanding of 
other complementary technologies that may address climate change. 
• Principles of sustainable development – fosters an understanding of the key concepts and principles of 
sustainable development. 
Sourced education materials were assessed by two education experts against each of the evaluation 
criteria using a four point scale (1 = not met to 4 = exemplary). The individual education quality rating 
was calculated using the following equation: Evaluation rating (maximum of 4) x 9 evaluation criteria = 
maximum rating of 36. The top six resources were: 
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Table 2. Top six resources (online links see Appendix A) 
Resource Evaluation score 
(out of 36) 
Oresome Resources 27 
Powerful Science – Book & CD 21 
CO2CRC Short Course 21 
NewGen Coal – Video 21 
Keystone Centre 20 
NewGen Coal – Blog 20 
Once individual assessment of the materials had been completed, a combined percentage score was 
calculated for each of the nine evaluation criteria based on the total number of the CCS educational 
materials. Table 3 below shows that, overall, very few of the resources achieved an exemplary score for 
any of the criteria. In fact, on closer examination the majority of the resources failed to meet the 
pedagogy evaluation criterion (89%), the principles of sustainable development (87%), or representation 
of other complementary technologies (62%). The reason for this is because the majority of the materials 
did not provide support resources specifically designed to inform teacher strategies (did not offer ways in 
which teachers can teach the material) nor were the materials presented in the context of sustainability or 
alongside other alternative energy technologies. 
A majority of the materials were rated adequate for the following criteria: balance (71%), scientific 
inquiry (69%), visual presentation (47%) and climate change context (40%). Less than half, or 44% and 
42%, of the materials were rated as good for the knowledge and understanding criterion and integrity 
criteria respectively. Likewise, the integrity criterion also reflected an adequate (38%) and good (42%) 
rating. This indicates that current CCS education materials only provide minimal levels of balanced, 
inquiry-based, visually stimulating information set within a basic climate change context. 
Table 3. Percentage results for all CCS resources 
Education Material Resources (45) 
Applicability of Education Materials 
Criteria Not Met Adequate Good Exemplary 
Knowledge and understanding 8.9% 42.2% 44.4% 4.4% 
Pedagogy 88.9% 4.4% 6.7% 0.0% 
Integrity 15.6% 37.8% 42.2% 4.4% 
Balance 22.2% 71.1% 6.7% 0.0% 
Scientific inquiry 11.1% 68.9% 13.3% 6.7% 
Visual presentation 24.4% 46.7% 24.4% 4.4% 
Climate change context 46.7% 40.0% 13.3% 0.0% 
Representation of other complementary technologies 62.2% 28.9% 4.4% 4.5% 
Principles of sustainable development 86.7% 6.7% 6.7% 0.0% 
There was evidence that the education resources currently available are likely to support some 
increase in teacher and student knowledge about CCS. However, there is a gap in available resources 
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which needs to be addressed if teachers are to be supported in developing an understanding of how to 
incorporate CCS in quality and current teaching approaches [14][15]. Therefore, to address this issue new 
CCS education resources were created that looked to address the need to have a greater number and 
quality of educative CCS materials to help increase teacher knowledge in designing learning sequences 
that are developmentally appropriate for students. The materials would need to include teaching strategies 
and visual representations that are accurate, balanced, user-centric and incorporate current skills including 
literacy, numeracy, computer and technology competence, critical and creative thinking, ethical 
behaviour, and intercultural understanding. In addition, CCS and its relevance and importance to society, 
the economy and environment need to be explicitly covered [15][16].  
Finally, where possible, available CCS education materials need to be integrated into inquiry based 
units of work in which students can be involved in identifying and posing questions: planning, conducting 
and reflecting on investigations; processing, analysing and interpreting evidence; and communicating 
ideas. Activities within these inquiry based units can include some of the CCS education materials located 
in our analysis to involve students in investigations in which ideas, predictions or hypotheses are 
investigated and conclusions drawn in response to a question or issue related to CCS. 
3.2 Addressing the educational gaps 
In order to address the gaps identified in stage one of the project, the research team developed a set of 
CCS educational resources and conducted a trial and review of these resources in a sample of Australian 
and international schools. The resources were also reviewed by several Australian-based curriculum 
officers. 
Teachers indicated that they were inexperienced and lacked confidence in teaching about CCS. 
However, following the trial, teachers felt their teaching experience and confidence improved in this area. 
Their self-rated knowledge of climate change and related issues, and energy sources and related 
technologies also improved following the review and trial of the educational resources. The greatest 
change was in relation to CCS. The education resources met the expectations of the teachers, who found 
the resources to be informative and easy to use. Teachers found the references and activity ideas to be 
particularly useful as resource components. In addition, the background information was found to be 
helpful in filling the knowledge gaps identified by some of the teachers. 
Fig. 1. (a) capturing carbon; (b) learning the carbon cycle; (c) inquiry based learning 
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After using the CCS education resources in the classroom, teachers felt their students had gained an 
increased awareness of its subject matter, particularly with regard to CCS (see Fig. 1 above). Teachers 
also indicated that students were able to build upon their existing knowledge and confidence in discussing 
these topics. Following the use of the resources, participating teachers felt students had gained a number 
of key understandings, ranging from technical details to an understanding that immediate action and 
further education were required on solutions to climate change, including the use of CCS. 
The materials were rated highly by the participating teachers against the evaluation criteria addressing 
educational practices; all of which were considered important by the teachers. Of the criteria, integrity 
and scientific inquiry were considered to be the most important when teaching about CCS. The criteria in 
which the highest ratings were given included integrity of scientific concepts, and increasing knowledge 
and understanding of CCS. Alignment to school curriculum was considered important by the participating 
teachers and the majority felt that the resources were aligned with the science and geography topics 
currently taught at their schools. Others felt the materials were aligned in part, but could be easily 
adapted. 
The review resulted in a number of suggested changes from the external review process completed by 
five Australian-based curriculum officers, which tended to be editorial, such as grammatical changes or 
clarification of terminology. Comments were also made regarding the depth of the resources; in that 
teachers may need to prepare students before covering potentially difficult content. In addition, one 
reviewer was concerned that some of the content may appear to be biased and that some of the potential 
impacts and risks associated with CCS had not been fully addressed. To attend to these concerns the 
resources were extensively reviewed to ensure that CCS is presented in a broader context as one part of a 
possible low carbon energy solution. The resources were also developed using the principles of inquiry-
based learning to encourage students to think critically about CCS and other low emission energy 
technologies. Finally, it was also recommended that the resources, while interesting by themselves, 
should be taught in a wider context of sustainability and climate change in order to address the issue of 
balance and provide context for learning. 
3.3 Expansion of the trial 
The development and trial of the CCS resources had shown great promise for creating an educational 
and societal impact and improving understanding of emission reduction technologies. In partnership 
CSIRO and the Global CCS Institute sought to widen dissemination and implementation of the CCS 
educational resources, bolstering the resources with other related activities. The resources have been 
embedded into CSIRO’s existing climate change and sustainability education initiative, CarbonKids. In 
addition to disseminating the resources to CarbonKids schools, CSIRO and the Global CCS Institute offer 
professional development opportunities for teachers and have added a CCS component, including hands 
on science experiments, to the CarbonKids schools workshop activities. The Institute is working with 
CSIRO CarbonKids to create occasional challenge events to demonstrate and showcase learning. A 
comprehensive evaluation of this will be complete by June 2013. 
4. Conclusion 
There are grounds for optimism concerning the development of informed and relevant education 
materials about CCS for schools. A small suite of education materials are available specifically for the 
primary/elementary school sector and a similar number are available specifically for the secondary school 
sector. The small number most likely reflects that CCS is a ‘new’ greenhouse gas mitigation technology 
that many curriculum writers, educators and practicing teachers may be unfamiliar with. Education 
 Anne-Maree Dowd and Talia Jeanneret /  Energy Procedia  37 ( 2013 )  7249 – 7256 7255
resources that are available for these two sectors have in the main been developed by proponents involved 
in CCS. 
The limited CCS education material dedicated to teaching and learning opportunities within 
primary/elementary and secondary schools highlighted an opportunity to raise the profile of CCS as one 
of the carbon dioxide mitigation options available globally for achieving significant reductions in 
atmospheric carbon dioxide emissions. In order to address this gap the project integrated, developed and 
trialled new inquiry based resources in which students would identify and pose questions, plan, conduct 
and reflect on investigations; process, analyse and interpret evidence; and communicate ideas. The new 
resources also describe CCS in the context of climate change and aims to increase knowledge and 
understanding of CCS and other complementary technologies that can address climate change. It is 
important that CCS is presented within the context of climate change, and as one technology option in a 
mix of potential solutions. 
The feedback received in the evaluation of the CCS educational resources has demonstrated their 
effectiveness in providing comprehensive content with supportive teaching strategies and student 
activities. The materials have proven successful in increasing teacher knowledge and student awareness 
of energy technologies, particularly CCS. Feedback from teachers also indicated that the materials go 
even further in terms of empowering students with new information and encouraging them to think 
critically about the technological solutions available to address the issue of climate change. In terms of 
the next steps taken, opportunities have been seized for wider dissemination of the resources and 
preliminary results will be presented at the GHGT11 conference.  
It is a great challenge for schools to help students develop the knowledge, skills and dispositions that 
will enable them to understand their world and to play an active role in shaping it. The knowledge base of 
society is expanding rapidly and there is an acute awareness of how little of this knowledge it is actually 
possible for students to learn, or for teachers to teach. Contemporary CCS education materials and 
curriculum should endeavour to meet these changing needs. 
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Appendix A. Online CCS education resources 
Queensland Resources Council, Oresome Resources:  
http://www.oresomeresources.com/media/flash/interactives/low_emission_future/ 
http://www.oresomeresources.com/resources_view/resource/fact_sheet_carbon_capture_and_storage 
http://www.oresomeresources.com/resources_view/resource/link_carbon_capture_and_storage_movie 
http://www.oresomeresources.com/resources_view/resource/powerpoint_low_emission_technologies 
http://www.oresomeresources.com/resources_view/resource/fact_sheet_oxyfuel_combustion 
http://www.oresomeresources.com/resources_view/resource/fact_sheet_post_combustion_capture 
http://www.oresomeresources.com/interactives_view/resource/interactive_coal_fired_power_station 
http://www.oresomeresources.com/resources_view/resource/experiment_geological_sequestration 
http://www.oresomeresources.com/resources_view/resource/worksheet_producing_power 
http://www.oresomeresources.com/resources_view/resource/vodcast_powering_the_future_forum_chris_spero 
http://www.oresomeresources.com/media_centre_view/category/media_video_low_emission_future/section/media/parent/ 
http://www.oresomeresources.com/media_centre_view/category/media_video_zero_emissions_city/section/media/parent/ 
http://www.oresomeresources.com/media_centre_view/category/media_video_coal_gasification/section/media/parent/ 
Powerful Science: Cleaning up our energy.  Investigating low emission coal technologies.  Queensland Department of Education 
in Training.2009: Book and CD.   
CO2CRC – Short Course: http://www.co2crc.com.au/education/shortcourses.html 
NewGen Coal – Video: http://www.newgencoal.com.au/randdtv.aspx 
The Keystone Centre, CSI: Climate Status Investigations-High School: 
http://keystone.org/files/file/KeyCurriculum/19-Geologic%20Sequestration.pdf 
http://keystone.org/files/file/KeyCurriculum/21-Terrestrial%20Sequestration.pdf 
http://keystone.org/files/file/KeyCurriculum/20-Oceanic%20Absorption-Oceanic%20Sequestration.pdf 
http://www.keystonecurriculum.org/highschool/2009_lesson_intros/19_GeologicSequest_HS09.html 
NewGen Coal – Blog: http://www.newgencoal.com.au/blog.aspx?category=26 
